The long-term precision and stability of a new qualitycontrol system for blood pH and gas measurements are compared to that of tonometered bicarbonate solutions and serum-based preparations. The new system, consisting of gas-equilibrated bicarbonate solutions in glass ampuls, is shown to be as stable as the serum-based preparation, and as reproducible as either of the other methods. The new system, offering three discrete sets of control values, has certain advantages in the simultaneous quality control of pH, carbon dioxide tension, and oxygen tension measurements.
blood, and tonometered bicarbonate solutions have all been successfully used to provide information on the quality of blood-gas results. Recently, a blood-gas control4 has been introduced that consists of three aqueous, buffered-bicarbonate solutions, equilibrated with known gas tensions, and sealed in single-use, glass ampuls. Formulated at three physiologically significant concentrations, this system offers an especially simple procedure for monitoring all three measured variables of blood-gas analysis at three different levels.
Initial studies (7, 8) indicated that the short-term reproducibility of the material is quite good. The current study evaluates the long-term reproducibility of this material run in parallel with a serum-based quality-control system5 and a tonometered bicarbonate system. The objective was to answer three basic questions. First, are the pH, Pco2, and p02 values of the ampuled control stable? Second, does a serum-based control provide better quality-control data because it is more like the actual measured specimen? Third, do two or three control values for each variable provide significantly more information than one (or two)? We used all three systems for a period of three months and compared the resulting data. ' Tonometry solution was prepared as described by Noonan and Burnett (1); tonometry gas was a commercially supplied mixture of 20.00% 02, 12.00% C02, and 68% N2 (Scientific Products; cat. No. B6670-15). The tonometry itself was performed at 37 ± 0.1 #{176}C in the vessel described by The lyophilized materials corresponding to acidotic, alkalotic, and normal conditions were constituted according to manufacturer's directions. An adapter described by Komjathy et al. 
Materials and Methods

Procedure
Results
Before reviewing each variable in detail, some general statements may be made. First, over the three-month evaluation period, there was no notable change in the values obtained with the sealed ampuls, which indicates that the four-month shelf life quoted by the manufacturer is valid. Secondly, we-observed no consistent differences between the aqueous and protein-based materials. Lastly, on several occasions one-point control proved inadequate in detecting calibration drift, a quality-control system consisting of at least two points was demonstrably advantageous.
Results for p02 Table 1 summarizes these data. The long-term standard deviations observed for the ampuled materials were found to be in reasonable agreement with the acceptance ranges given. Because their oxygen tensions were similar, it was of interest to compare the precision of the Level I control (CV = 3.2%) to that of the bicarbonate solution tonometered daily (CV = 3.6%). They were not found to differ significantly (P> 0.20) by the F test (11) :
Average recoveries were somewhat lower than expected, although 13.3 kPa (100 mmHg) and 20.2 kPa (152 mmHg) were within the acceptance limits given in the package insert. We observed an average recovery of 7.3 kPa (55 mmHg) on the lowest oxygen tension, 0.3 kPa (2 mmHg) outside allowable limits. The reason for this discrepancy was not determined.6
Results for Pco2
These data offer the opportunity to compare the protein-based control with the aqueous systems. Table  2 summarizes the data. Again, comparing materials with similar concentration levels, F-test analysis indicates that the ampuled control Level II (CV = 2.9%) was more reproducible (P = 0.04) than Versatol Acid-Base Normal (CV = 3.9%), while Versatol Acid-Base Alkalosis (CV = 2.6%) was more reproducible (P <0.01) than the ampuled control Level III (CV = 3.9%). Other levels were not comparable.
Recoveries consistently agreed with the stated values within the limits given.
Results fOr pH high. This suggests some small bias in our buffers or pH measurement system.
Discussion
The ability to control oxygen values over a physiologically useful range is the most significant aspect of the new ampuled material. The protein-based solutions do not offer a controlled oxygen value. The system of Noonan and Burnett (1) has only one oxygen tension, 19.0 kPa (143 mmHg), which was chosen to minimize the effects of any leakage between the sample and room oxygen. Recent evidence (12, 13) indicates that leakage of room air between sample chamber and external environment is a common problem with blood-gas ana- As pH controls, Figure 1 shows the day-to-day results obtained on the three systems near a pH of 7.4. The graph also shows when there was major maintenance on the reference ejectrode. Dialysis of KC1 electrolyte across the dialysis leak structure in the Corning pH system has previously been shown (14) to change the KC1 concentration of the junction from an initial concentration of 4 mol/liter to less then 1 mol/liter in about three days, resulting in a significant error (about 0.02 pH units low) in blood pH measured under these conditions, an error not made obvious during the calibration procedures. The second factor is that the properties of the dialysis membrane as an electrochemical junction seem to change with aging. Previous observations in the laboratory of one of us (D.C.N.) indicate a less consistent but general decline in blood pH values as the membrane ages. Proper maintenance requires that the membrane be changed weekly and the KC1 electrolyte be replaced every two or three days. The resemblance of trends in Figure 1 suggests that the overall response of the pH measurement system to the protein-and aqueous-based control materials was similar.
Suitability of One-, Two-, and Three-Point Systems
The time and expense of analysis naturally prompts one to ask how frequently quality-control testing should be done and how many different materials should be used. Although many systematic problems are obvious from the response of the system to calibration media, the literature (2, 6, 8) reports significant discrepancies between instruments that apparently are functioning normally. The benefit derived from the analysis of control materials is that one can detect these subtle problems. and replacing a faulty wash solution. Although recoveries agreed in both the normal and alkalotic ranges, they differed by 0.06 pH units in the low pH range. Had Levels II and III alone been analyzed, malfunction might have been indicated by Analyzer B's relatively poorer precision or marginal Level II recoveries. This could become apparent after several replicate analyses on the two controls, but perhaps only after several days of suboptimal operation.
Previous workers (1, 8, 15, 16) have demonstrated the ease with which aqueous specimens (or blood with saturated hemoglobin) may be contaminated with oxygen by even brief contact with room air. Similarly, the sensitivity and utility of low [8 kPa (60 mmHg)] and moderate [13 kPa (98 mmHg)] tensions of dissolved oxygen in detecting system air leaks have been observed in our evaluations (Z.L.K.). Other contamination of the test system, presumably the growth of microorganisms, has been found to lower Po2 recoveries of the aqueous system by 7 kPa (45 mmHg)-an effect most dramatic and readily recognized in testing with the 8-kPa (60-mmHg) control. A deterioration of electrode response causes a gradual decrease in obtained values and is particularly noticeable in the higher ranges [pco2 7.6 kPa (57 mmHg), p02 20 kPa (150 mmHg)J. Because proportionate errors are magnified at the higher test values, these ranges are also most effective in signaling erroneous slope adjustments.
In the presence of all malfunctions, instrument performance does not erode uniformly throughout the entire range of interest. To the contrary, evidence presented indicates that certain developing defects become obvious only when the instrument is challenged within certain segments of the range. The above instances suggest that routine monitoring of three significant sets of values tends to detect problems earlier and requires fewer replicate analyses to do so.
The present study, in which we used the Corning Model 165 analyzer, indicates that the long-term stability and precision of the ampuled control are acceptable, Results obtained with this material are generally equivalent (except for oxygen, for which they are superior) to those obtained with the other techniques. Ease of handling makes this system especially attractive for routine laboratory use. The ampuls offer a viable alternative to those laboratories without the equipment, sophistication, or interest in performing liquid tonometry.
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